The thymus is the main organ of T-cell maturation in humans. However, it regresses at puberty, whereas T-cell rearrangement continues even in the elderly, 1 and there is a hypothesis that the function of the thymus may partially be replaced by other tissues including the intestinal epithelium. Indeed, intraepithelial lymphocytes located in the small intestinal mucosa were found to express recombination activating genes RAG 1, RAG 2 and pre-T a-chain, which are all required for T-cell receptor (TCR) rearrangement. [2] [3] [4] Although these findings strongly suggest the presence of extrathymic T-cell maturation (ETCM), no direct evidence of this phenomenon has been provided so far.
To search for clinical evidence of ETCM, we studied immune reconstitution in a 27-year-old male patient who was initially diagnosed with thymoma. We performed a thymectomy, followed by irradiation of the mediastinum. One year later, he developed ALL, was treated with chemotherapy, achieved complete remission and was referred for bone marrow transplant from an HLAidentical unrelated donor (URD-BMT). The conditioning regimen was myeloablative and consisted of busulfan, cyclophosphamide and anti-thymocyte globulin. Ex vivo T-cell depletion was not performed. Prophylaxis of GvHD included cyclosporine and short-course methotrexate. Hematopoietic recovery occurred on day þ 29. Full donor chimerism was achieved on day þ 30 and remained stable with 20 months follow-up. The patient did not develop acute GvHD and experienced only transient symptoms of limited chronic GvHD. The only infectious complication was Varicella zoster, which appeared 10 months after transplantation and was successfully treated with acyclovir. The patient remains alive and disease free 20 months after URD-BMT.
Lymphocyte sub-populations
were studied in peripheral blood on months þ 1, þ 6, þ 11, þ 15 and þ 20 after URD-BMT with the use of immunophenotyping. In parallel, cells bearing T-cell excision circles (TRECs, a marker of TCR rearrangement) were measured by real-time quantitative PCR, as described earlier. 5 Within the first year after URD-BMT, NK cells were the predominant lymphocyte sub-population reaching a maximum level of 0.6 Â 10 
www.nature.com/bmt recovery of B cells was delayed and started 6 months after transplantation. CD4 þ and CD8 þ T cells reconstituted slowly and remained deficient up to 20 months after URD-BMT. In particular, the number of CD4 þ CD45RA þ cells was very low (o0.01 Â 10 9 /l) within the whole observation period. TRECs could not be detected in peripheral blood (mononuclear cells and T-cell fraction) either before transplantation or up to 20 months after URD-BMT. In contrast, TREC-containing cells were present in five healthy individuals (age-and sex-matched) as well as in a single non-thymectomized ALL patient 15 months after URD-BMT, all tested as controls.
T-cell recovery after allogeneic hematopoietic stem cell transplantation (alloHSCT) normally proceeds along two different pathways. The first depends on expansion of mature lymphocytes transferred directly from the donor; the second involves the generation of naive T cells from donor-derived bone marrow precursors and requires TCR rearrangement. 6, 7 As demonstrated by other investigators, the appearance of TRECs is a marker of de novo T-cell maturation after alloHSCT and starts as early as 6 weeks after transplantation. 5, 7 In the case of our patient, TCR rearrangement could not take place in the thymus, since the organ was absent at the time of URD-BMT. The only way of generating naive T cells would, therefore, be ETCM. However, TRECs could not be detected as late as 20 months after transplantation, indicating that peripheral expansion was the only way of T-cell reconstitution and that de novo T-cell maturation was impossible.
A similar case of an athymic patient undergoing alloHSCT was previously described by Heitger et al. 8 showing a reduced percentage of naive T-helper cells and elevated proportions of CD3 þ CD4ÀCD8À cells. Watanabe et al.
9 studied T-cell recovery of Hodgkin's lymphoma patients demonstrating that mediastinal irradiation resulted in long-lasting deficiency of naı¨ve T cells. Although in both studies naive T cells could be detected, the analysis was based solely on cytometric evaluation of CD45RA þ cells, whereas it has been demonstrated that memory CD45RO þ T cells may revert to CD45RA þ phenotype. 10 In our patient, CD8 þ CD45RA þ could be found in peripheral blood, whereas more specific TRECs analysis produced negative results at all time points.
Our single observation suggests that the thymus is the only site of T-cell maturation in adults. It also indicates that URD-BMT may safely be performed in thymectomized patients. 
